Presented here is the derivation of nonlinear interactions that occur within a primary narrow beam for which the temporal spectrum is continuous and narrow. This follows the bases of the Fourier formalism. Acoustics levels are presumed weak enough so that second-order equations may be used. In the quasilinear case, the exact theoretical expression of the created parametric farfield, formed from a transient modulated primary signal, is established, by using weakly restrictive assumptions. The case of high primary levels is discussed. Some experimental results are presented.
INTRODUCTION
The idea of using the nonlinear properties of acoustical propagation arose about 1960 when Westervelt conceived the parametric emitter. In 1965, Berktay • suggested a way of producing pulsed signals by means of self-demodulating a primary wave in which the temporal spectrum does not remain discrete, but extends continuously through a narrow bandwidth. Using a plane-wave model, Berktay showed that a primary carrier, with the amplitude modulated by an envelope f(t), produces a secondary signal in which the pattern is described with 09 2 ( f 2)/& 2. This phenomenon must not be confused with viscosity effects, studied within a linear framework? ,3
Since these theoretical expectations ofBerktay, a certain amount of experimental confirmation has been achieved, 4-7 although another expression for the demodulated signal pattern (a• 2f/•t 2) was proposed by Merklinger 8 in the case of high primary level (r'>> 1; F is the Goldberg number). The inverse problem, i.e., the optimization of an input signal to obtain a given received pulse, has been studied by including numeral and experimental iterative processes. ø Some studies only deal with one-dimensional models, such as work •ø on the progressive distortion of an initially biharmonic plane wave in which the duration is limited to the difference-frequency period, with strong nonlinear interactions (F>> 1). Other studies, based upon the Burger's equation, refer to plane, cylindrical, and spherical waves--i.e., solutions established for a few special cases • •--and neglect linear absorption and those cases for which the validity is ensured only up to discontinuity length; or some studies refer to those exact solutions (plane waves)n derived from graphical methods that may be used to determine how wave profile is changing due to self-demodulation.
The complete may furthermore be seen itself as the convolution product of the impulse response of a linear array with another response that depends only upon the transducer aperture. For a circular piston, an original and simple geometrical approach ks (numerical simulation and experiment) may also be mentioned: Formally, the on-axis response is evaluated by summing two waves. The first comes from the center of the disk, and the other from its contour, with the calculations taking into account the nonlinear distortion of these waves along their geometrical path. At the end, a low-pass filtering gives the demodulated signal.
Finally, mention may be made of a secondary field evaluation using parabolic approximation •9 and a discussion about the exact source location of the low-frequency signal observed in the farfield of a pulsed parametric emitter, i.e., to determine the effective interaction area from which the demodulated signal originates? Another interesting study (Gubatov and Dubkov 2• ) involving nonlinear self-demodulation concerns the evaluation of the low-frequency noise generated by a quasimonochromatic source with small random phase and amplitude variations. In Reft 22 is examined the stability in the response of a parametric emitter versus primary phase fluctuations.
Here is presented a theoretical calculus that gives the analytical expression of the secondary farfield generated by nonlinear self-demodulation of a primary 3-D wave. This primary field is radiated from a plane transducer, driven with a narrow frequency bandwidth. The source signal is thus obtained by modulating a carrier frequency %. It is assumed that the primary directivity is such that the halfpower beamwidth does not exceed about l0 deg (in fact, the only ease with practical interest 
Let us note the typical mean primary high-frequency (HF) directivity angle of the transmitter as Od --• (AO/•O) '/•, in which •o is the Rayleigh distance calculated at the central frequency (the shape of the aperture is supposed not to be too asymmetric). We assume Od is

P_ (z,O,t) 8rrc•ctoz dt2 Vo t--•o ø *•)(t,O)*•(t,O)*A(r,t). (48)
The first term (32) 
$, High acoustic levels
When the emitted pressure level increases, it seems very difficult to develop a practical sophisticated model to describe nonlinear self-demodulation including finite-amplitude effects. The primary wave, in which the spectral domain is a narrow bandwidth centered in vo, dissipates energy by creating harmonic bands centered around frequencies nv o (n integer). But all these new components again interact among themselves, so that a simple analytical calculus is no longer available.
The low-frequency parametric radiation is no longer produced by the only interactions of the primary waves. The signal previously obtained from weak interactions should therefore be significantly distorted. A simplified argument in order to understand this phenomenon is that the self-demodulation of every harmonic band produces a wave that is superimposed upon the signal [Eq. (22) ].
III. EXPERIMENTS (REF. 7)
We have begun an experimental investigation (in water) of the theoretical approach using the configuration described in Fig. 1 Using a Gaussian modulation function (Fig. 2) , the theoretical expression (32) is compared with the experimental on-axis result in Fig. 3 . The observed discrepancy is more apparent when one uses a chirp-modulated beam (Fig. 4) to produce the result obtained also on-axis (Fig. 5) 
